The frequent association of adenovirus with human tonsils and adenoids has long been known. The viruses isolated almost invariably are of serotypes 1, 2, 5, and 6 (references 4, 5, 10, 11) . Virus is present in these tissues without evidence of clinical illness and can be revealed by growing tissue fragments in vitro. Apparently, adenovirus may persist in tonsils and adenoids as a latent infection.
There have been few investigations on the relationship of adenovirus to tonsil and adenoids at the cellular level. In cultures of adenoids and tonsils, cytopathic effects (CPE) characteristic of adenovirus are observed in epithelial and fibroblastic cells (4, 10) . Strohl and Schlesinger (12, 13 ) studied quantitative aspects of the natural infection. They suggested that, among the various cell types making up a primary suspension, most likely only fibroblasts were susceptible to viral infection.
The present study was undertaken in an effort to determine whether lymphocytes from tonsils and adenoids harbor adenovirus and contribute to the maintenance of viral infection in these tissues. Fresh suspensions of lymphocytes as well as phytohemagglutinin (PHA)-treated anid untreated lymphocyte cultures were studied. For comparison, virus was sought also in unpurified cell cultures and in fragment cultures of tonisils and adenoids.
MATERIALS AND METHODS
Preparation of tissue fragments and unpurified cell suspensions. Whole tonsils and adenoids removed from children between 1 and 8 years of age were transported in cold Hanks solution and were processed within 1 h. The majority of tonsils and adenoids used were markedly enlarged. The tissues were trimmed of blood clots and mucus. Unwashed tissues were minced into very small fragments by transferring them to a stainless steel tube fitted with a steel plunger and a sieve with a pore diameter of approximately 0.75 mm (Harrison, London). Tissues were forced through the sieve by screwing the plunger. Fragments were collected in 10 ml of culture medium consisting of medium 199 and 20% calf serum and were shaken for 5 s in a Vortex mixer. The cells released from the fragments were drawn off with the supernatant fluid and kept at 36 C. Fragments were resuspended in 10 ml of culture medium anid were shaken again in the same manner. The procedure was repeated three to five times. The supernatant cell suspensions were pooled. At the time of harvesting, the tubes were placed in an ice bath for 10 min. Cells were sedimented by centrifugation at 1,000 rpm for 15 min and washed once in ice-cold PBS. Cold trichloroacetic acid (5%) was added, and the acid-insoluble precipitate was sedimented at 3,000 rpm for 10 min. The sediment was dissolved in 1 ml of 0.1 mM sodium hydroxide and again precipitated with 4.5 ml of cold trichloroacetic acid (6.7%). The resulting precipitate was again sedimented by centrifugation, and 1.0 ml of ether-acetone mixture was added to the precipitate. The ether-acetone mixture was evaporated in a 40 C water bath for 15 min. The dry precipitate was dissolved in 0.1 ml of hyamine 10-X (Packard Instrument Ltd., London) and suspended in 12. Response of lymphocytes to PHA. Freshly prepared cultures of tonsillar and adenoid lymphocytes were stimulated with different concentrations of PHA and harvested at daily intervals after a 5-h pulse with 'H-thymidine. There was considerable variation in the degree of thymidine incorporation between lymphocytes from different tissues. The peak of activity occurred between the 3rd and 5th days of culture. Maximal response was observed at PHA concentrations of 0.5 and 1.0% (Fig. 1) . Since the total number of viable lymphocytes on days 4 tions, no further response was noted by morphological criteria. Oni the contrary, the number of blast cells was decreased by the 4th day in these cultures.
Isolation of adenovirus from lymphocytes and unpurified cells. Adenovirus isolations were attempted from fresh lymphocyte preparations and from PHA-treated and untreated 8-day-old lymphocyte cultures of 90 tissue specimens (27 tonsils aind 63 adenoids). In addition, of 58 (3 tonsils and 55 adenoids) of these specimens freshly prepared, unpurified cell suspensions were tested for the presence of virus. Cells were washed aind disrupted by freezing and thawing. This material was inoculated into primary human thyroid cultures as described under Materials and Methods. In this way adenovirus was demonstrated in cells from 11 specimens ( Table 3 shows that adenovirus was isolated from 20 (57%) of 35 pairs of tonsils and from 41 (65%) of 63 adenoids. The adenoviruses recovered were of types 1, 2, 5, or 6, in this order of frequency. No double infections were found. The time of first appearance of CPE was usually between 5 and 15 days after initiation of the cultures. In all instances in which adenovirus was recovered from lymphocyte or unpurified cell cultures, the corresponding fragment cultures were also positive and the same adenovirus types were found in cell and fragment cultures. DISCUSSION
The present studies provide suggestive evidenice that lymphocytes in naturally infected tonisils or adenoids represent one of the cell types which may harbor adenovirus or viral precursor. Purified lymphocyte cultures from 8 of 90 tissues studied were positive. It must be admitted that the identification of the cell type in these cultures which yields virus is only tentative, since the presence of contaminating cells cannot be excluded with certainty. However, several findings are consistent with the suggestion that it is the lymphocyte. Smears of purified cultures revealed exclusively lymphocytes and never other cell types. No glass-adherent cells were found in tube cultures incubated horizontally for 8 days, confirming the purity of the cultures. With the exception of one tissue, adenovirus was recovered only from cultured lymphocytes, not from fresh ones. Thus, it may be assumed that either the amount of virus supposed to be initially present in lymphocyte preparations is very small or fresh lymphocytes contain only viral precursor. In either case viral replication is required before virus can be detected. These data appear to rule out the possibility that adenovirus recovered from lymphocyte cultures merely represented surviving virus adsorbed to cells. (3, 16) . It is to be noted, however, that adenovirus was also isolated from untreated lymphocyte cultures. The present investigation and studies of others (1, 8) indicate that there is a considerable degree of background synthetic activity in untreated cultures of tonsillar and adenoid lymphocytes. Since tonsils and adenoids are exposed continuously to different kinds of antigens, it may be assumed that this reflects the effect of stimulation initiated in vivo. The recovery of adenovirus from untreated lymphocyte cultures may then be explained by assuming that lymphocytes stimulated by naturally occurring specific antigens are capable of supporting virus growth in a similar manner, though less effective, as do PHAstimulated lymphocytes. A more direct approach to this question is the study of exogenous adenovirus infection of PHA-stimulated and unstimulated lymphocyte cultures. This will be the subject of a separate study.
Lymphocyte cultures yielded adenovirus less often than did fragment cultures. This might be related to the number of cells involved. A total of 6 X 106 to 60 X 101 lymphocytes per tissue were tested for the presence of virus. It is possible that tests with greater numbers of lymphocytes would have revealed virus in more specimens. Strohl and Schlesinger (13) utilizing trypsin-dispersed cell suspensions from tonsils or adenoids, found suggestive evidence that only 1 in 107 to 109 cells harbors virus or viral precursor. It is also possible that qualitative differences in cell composition between lymphocyte and fragment cultures are responsible for the low frequency of positive lymphocyte cultures, assuming that the infection is located more frequently in cells other than lymphocytes.
The possible role of each of the various cell types present in tonsils and adenoids in maintaining adenovirus infection in vivo in these tissues has not yet been clearly defined. The susceptibility of epithelial cells and fibroblasts in tonsil and adenoid tissues grown in vitro has long been recognized (4, 10). Strohl and Schlesinger (12, 13) reported extensive studies on the possible role of fibroblasts in the persistence of adenovirus infection. They suggest that fibroblasts might represent the major, if not the only, susceptible cell type in primary cell suspensions prepared from tonsils or adenoids, implying that lymphocytic cells were refractory to adenovirus. The discrepancy with our results can be easily explained since the methods applied by these authors were inadequate for cultivating lymphocytes. The finding in the present study that freshly prepared unpurified cell suspensions were a better source of infectious virus than were fresh purified lymphocyte preparations would seem to suggest that the lymphocyte is not the principle cell type which determines the persistence of inlfection in vivo. It is conceivable that the lymphocyte only plays a role in initiating infection of tonsils and adenoids. Lymphocytes infected with virus at the primary site of infection would enter into the tonsillar and adenoid tissues. Virus would then be passed from these cells to other cell types. The continuous presence of a small number of infected lymphocytes in tonsils and adenoids might be explained by assuming that some cells may carry virus or viral precursor for a considerable time. Another possibility is that lymphocytes constituted the target of adenovirus produced by tonsillar and adenoid cells of a different type of types. Studies of Nasz et al. (7), employing the immunofluorescent antibody technique, favor the hypothesis that adenovirus or adenovirus antigen may be present in lymphocytes, at least temporarily.
The high recovery rate of adenovirus from fragment cultures of tonsils and adenoids found in the present investigation accords well with previous studies (4, 5, (9) (10) (11) 13) . Characteristic CPE was detected soon after initiation of incubation of the cultures as compared with the results of previous studies. The reason for this early CPE is presumably that a large amount of tissue of each specimen was tested (4) and that the tissue was minced into very small fragments with a sieve, allowing rapid release and outgrowth of cells from the fragments.
A noteworthy finding is the direct recovery of adenovirus from freshly prepared, unpurified cell suspensions in seven instances. This finding is in contrast to the commonly held view that the presence of adenovirus in naturally infected tonsils and adenoids can be revealed only by growing explanted tissue in vitro (4) . Previous reports (10, 13) have described only two instances in which adenovirus was recovered directly from fresh tonsils or adenoids, and in one of these the recovery was presumably associated with acute febrile illness. The discrepancy between our findings and those of previous studies is difficult to explain. Rowe et al. (10) have suggested that the presence of neutralizing antibody might be responsible for difficulty in recovering virus from fresh tissues. It is possible that our procedure of washing eells was effective in removing antibody. The study of purified preparations of each of the different cell types present in tonsillar and adenoid tissues may lead to thc identification of the host cells producing infectious virus in vivo. 
